Optically isolating each of the sensory elements or ommatidia of the eye of the fruitfly, Drosophila mdanogaster, are groups of pigment cells. To these the eye owes its color. In the wild-type eye the cells contain granules which range in color from yellow to red or purplish red.
The extracts were chromatographed on columns of powdered talc mixed with its weight of diatomaceous earth (celite, analytical) to promote more rapid flow of solution. The chromatogram was developed by washing the column with 1 per cent Na~COs in water. The adsorbed pigments were eluted with a mixture of 1 per cent Na~COa and 3 per cent n-butyl alcohol in water. All the pigments tend to fade in alkali and hence were neutralized as quickly as possible after exposure to basic solutions. FtG. 1. Absorption spectra of pigments from Drosophila eyes, in neutral aqueous solution. Pigments I, II, and IV are members of the red component in the wildtype eye. Pigment III, from brown eyes, appears to be identical also with the brown component of wild-type eyes. Pigment V is the red component pigment of the sepia eye. All the spectra shown have been traced from direct recordings made with the photoelectric spectrophotometer of Hardy (1935) .
Whole extracts of wild-type eyes form four principal adsorption bands when washed with sodium carbonate on the chromatogram. The uppermost is pink (I), the others peach-colored (II), golden yellow (III), and bright yellow (IV) in that order. Pigment I I forms the dominant band on the column. As will appear below, this band alone contains well over half the total pigment extracted from the eye.
Pigments I and I I in neutral solution possess very similar spectra, consisting of single, almost symmetrical absorption bands, with maxima at 480 to 485 rap (Fig. 1) . On long washing on the column, each of these pigments separates into two subfractions (a and b, in descending order). The subfractions of pigment I usually could not be separated sufficiently on the column to permit each to be eluted without contamination from the other. The color of the adsorbed pigments appeared identical, and in solution both subfractions exhibited very similar absorption spectra. Pigment II separated more completely, into an upper band (a) inclining in color more toward orange, and a lower (b) inclining toward red. These appearances are associated with the washing of the chromatogram with alkaline solution. When the subfractions of pigment II are brought into neutral solution, they exhibit almost identical absorption spectra. All four pigments of bands I and II, judging by their close similarity in absorption spectra and in general chemical behavior, appear to represent a group of very closely related substances possessing identical or nearly identical chromophore groups.
Pigment IV exhibits in the visible spectrum only a general absorption rising into the ultraviolet (Fig. 1 ). With the apparatus at our disposal at the time of these observations, the ultraviolet spectrum could not be measured.
Pigments I, II, and IV appear to constitute the red component of Mainx. These pigments alone were found in cinnabar eyes in which Mainx recognized only the red component. Sepia eyes, on the other hand, have none of these pigments. They yield, instead, a new bright yellow pigment (V), which has an absorption spectrum maximal in neutral solution at about 420 mg ( Fig. 1) . At pH 10.6 the absorption maximum has moved to 436 rag, and at pH 1.4 to 410 mg. This characteristic sepia pigment is probably to be identified with the yellow brown granules found by Cochrane (1936-37) and by Mainx (1938) in sepia eyes and included by both authors in the red component.
All the pigments of the red component (I, II, IV, V) exhibit pH changes, the absorption maximum shifting toward the red and increasing in height with increased alkalinity. All these pigments also are reduced to colorlessness by sodium hydrosulfite (Na~S~.O0, and regain their color on shaking with air. Each pigment is precipitated with phosphotungstic acid and is released from this union by Ba(OH)2. The phosphotungstate precipitate dissolves in acetone-water mixtures. All these pigments, after drying, redissolve readily in glycerol and in the lower alcohols, but are insoluble in ether or chloroform. They are stable in mineral acid solution, but are permanently decolorized by strong alkalis and by strong oxidants.
The golden yellow pigment (III), mentioned above in the description of the wild-type chromatogram, is a member of the brown component. It can be obtained only in small amounts in water extracts of the wild-type eye, where most of it seems to be bound in such form that it could not be extracted unaltered. The same pigment is obtained more readily from brown eyes where it is the dominant pigment, accompanied only by traces of other colored substances separable on the chromatogram. It is not found at all in cinnabar eyes, which are believed to lack the brown component. As obtained from brown flies, the pigment exhibits a broad absorption band in neutral solution with its maximum at about 436 m# (Fig. 1) . In acid solution the band moves to about 456 m#. In alkaline solution the pigment deteriorates rapidly. Principally for this reason we did not succeed in chromatographing it in a satisfactory way. This pigment, unlike members of the red component, is not decolorized with sodium hydrosulfite, but in solution or on the adsorption column it yields instead a pink product. There is no evidence that this change can be reversed with oxygen?
TABLE I

Eye Pigments of Dro~opkila mdanogaster
Proportions of fractions obtained from wild-type (+) and mutant eyes: cinnabar (cn), brown (bw), and sepia (se). These are presented as optical densities or extinctions of extracts from 10 heads in 1 ml. of solution, measured in a layer 1 cm. in depth. The measurements were made at the specified wave-lengths with a Kiinig-Martens spectrophotometer.
Extinction is logl0 (lo/I), in which I0 is the incident and I the transmitted illumination. In sepia flies the brown component, like the red component, is atypical. The chromatogram from sepia extracts presents three bands: an uppermost faint pink or purple, a golden yellow band, and a lowermost bright yellow band (pigment V). The two uppermost bands yield bright pink products when treated on the column with sodium hydrosulfite. They resist elution ahd are very sensitive to alkali. For these reasons they are grouped with pigment III, the brown component pigment of wild-type and brown eyes.
An attempt has been made to measure the proportions of the pigments in the eyes of wild-type and three mutant flies (Table I) . These measurements become comparable with those of Ephrussi and Herold (1944, 1945 ) when a The original yellow color is restored on the column by washing with sodium carbonate. In solution the pink product, formed with hydrosulfite, precipitates; and on treatment with sodium carbonate it dissolves slowly with complete loss of color. This behavior suggests that the reaction with hydrosulfite may not be a reduction, but an addition, perhaps with the bisulfite which usually contaminates this reagent.
multiplied by five, the latter authors having used five times the depth of solution employed by us. The measurements have only approximate validity, since some pigment is lost in fractionation and through destruction by alkali. Pigments I to IV were isolated from wild-type eyes in the approximate proportions 4:16:3:1. Cinnabar eyes yielded very similar results, except that pigment III was lacking. Brown eyes yielded only pigment III. Sepia eyes yielded on the same scale seven units of pigment V, together with brown component pigments which, as already stated, are not to be identified with pigment III. All the measurements on brown component pigments are unreliable, since this component presents special difficulties in extraction, adsorption, and elution, and is highly susceptible to alkaline destruction.
All the observations so far described refer to the eyes of Drosophila melanogaster. Extracts of eyes of D. virilis have also been examined. They yield pigments identical with the wild-type pigments I to IV. Corresponding pigments from the two species have been mixed and chromatographed together. Each such mixture is adsorbed on talc as a single band, a strong indication of chemical identity.
SUMMARY
Eye pigments of normal and mutant types of D. raelanogaster have been extracted with water and fractionated by chromatographic adsorption on powdered talc. Spectra of all the fractions obtainable in solution have been measured and the general chemical behavior of the pigments is described. Two chemically distinct groups of pigments are found, to be identified with the earlier designated red and brown components. The red component in the wild-type eye contains three well defined pigments, two of them capable of further subdivision so that the total number of fractions obtained is five.
There is also present a brown component pigment which could not be treated quantitatively by the methods employed. All members of the wild-type red component are found in cinnabar eyes, unaccompanied by the brown component. Conversely, brown eyes contain a pigment indistinguishable from the wild-type brown component, virtually alone. In sepia eyes, one red component and two brown component pigments can be distinguished, all three pigments differing from those of wild-type eyes. Pigments apparently identical with those found in wild-type mdanogaster eyes have also been found in D. virilis.
